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SUMMARY

At the request of the Bureaun of Aeronautics, Navy Department,
investigations of the static-pressure losses and total-head
distridbutions of the Westinghouse X24-C-2 inlet screen were made
in the induction asrodymemics laboratory at Lengley. The screen
was investigated in two configurations, both before and after
rounding the leading edges of the vanes. Investigations were
conducted through air flows up to sbout 80 pounds per second.

The results of the investigations indicate that pressure losses
increase rapidly with increasing weight flow, and slight radial
and circumferential variations are present downstresm of the subject
screen. The rounding of the vane leading edges reduced static
Pressure losses comsiderably and brought about glight improvements
in total-pressure patterns.

INTRODUCTTION

At the request of the Bureau of Aeronsutics, Navy Department,
investigatlons of the static-pressure losses and total-head
distributions of the Westinghouse X24-C-2 inlet screen were made
in the iInduction asrodynamics laboratory et Lengley. The subject
Screen 1s designed for installation Just upetream of the compressor
blading in en anmnular turbojet inlet. The screen is proposed for
gromnd tests of the unit to prevent particles of three-sixteenthas of
an inch diameter or greater from entering the COMPressor.

The performence of any turbojet propulsion unit is very
adversely affected by losses or disturbences in the inlet flow.
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A screen or grid, therefore, vwhile beneficial in preventing
foreign particles from entering the compressor blading, is usually
undaglrable from an serodynamic standpoint. In order to develop
a very satisfactory screen, it is necessary to evaluate its aero-
dynemic properties and 1ts effect on inlst flow. The investiga-
tions have been conducted on the subject screen to determine the
total -pressure patterns upstream and downstream snd to measure

the static-pressure losses escross the screen. These investigatione
were conducted through the range of elr flows in which the wnit

is designed to operate. Investigations were made on two con-
figurations, first with the vane leading edges square and rough,
and second, with the leading edges rounded.

SYMBOLS

B total pressure, pounds per square foot

P static pressure, pounds per square foot

Ap static ﬁressure drop through screen, pounds per square foot
q dynamic pressure upstream of screen, pounds per sguare foot
1.4 alr flow, poumds per second ‘

P dengity of air upstreém of screen, slugs per cubic foot

" Py stepdard density, 0.002378 slugs per cublc foot

] density ratio, p/po

Subscripte:

1 conditions at station 1

2  conditions at station 2

3 conditions at station 3

L conditions at station kb

(ALl surveys measured clockwise from top center of ducting looking
downstrean)

a survey at ciroumferentinl position of 0OC
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b survey at circumfersntial position of 180°
c survey at circumferential position of 90°
d surv'ey &t clroumferential position of 270° el £k

s S :1ncompressi‘ble f‘low

nm TPTTON OF APPARATUS: - -

Inlet Screen .. .- i

P oeesmm - sremg emier rrna b=

. The in]:et screen which a.ppea.rs in f:ig\me 1.15 envall ‘mgtals '/
soveen ‘designed for installation in the amnular turbdjebiintake™"
- opening. . The screen 18 conabructed of 31 ciréular vans#' rouglgly '
-.’bhirt;rv.’bhousamlths of ‘en inch 11 thicknees sid thout Plve-sixtecnths
.-of.an inch 1in depth in the divection of flow. ' TheBe viués &¥6 =7
supported ‘between bowmdsary étrips by 12 radlal struts. '.Ehe‘stzﬁfos'

- -ave V-shaped in:the plane of flow, glving the assembled séreen’s’

steggered ior double-conical form-vwith -thé: vane &t-Ehs dpex 6f the "
cone upstream end forming a circle which bisects:the Enddldr speds.
Details of the screen construction are shown in figure 2. The
screen as recelved with the lsading edges of the vanes square and
rough is designated &s conPiguratidon I. “Thé Yeading edges of

the vanes were rownded by hend after the resulis were obtained
from the investigation of cdifiguraticn T, end after rounding was
designated as configuration IT.

S R TR 7ot 1 SA PR L S AL 1y S8 R{i:l"

SECEURRS Screen Assetmbly anri Cther Apkpé.ra.tus TSLdan - “, B
- 141 2l sl MEEEI i [ B
The screen wag' momted. in circulaz" ducting of 21 Inches™ ¥
internal dlemetoir: The onter tircumferends: ¢f thé screen Wds "
held by a wooden sdapter ring and the 1ohér EéP¥en Bovidary contained
& wooden mock-up of the jet umit starter motor housing. The
housing and the ducth wall forméd an mﬁﬂ .Jneasuring section which
extended as a stralght annulus through measuring stations. AFL
of the last statlion a tapered afterbody e@anded the. annulus .to
duct: area” again. A’photograph of the scréen, motor housipg, afters

- bod¥, a&ap'ber ring agsembly is shown in figure 1, and a pho‘bogra.ph

of thé duct exterilor is showm in figire 3. que,r waa supplied. by -

a'centrifugal ‘blower to :lnduce aiy from the la'pora:bc through. .,

lakge beil inlets into oylindrical Auéting. The | “hicking carriad_; P

the air through the measuring section ahnulis of 2.123 square Feet

area, and flnelly diffused 1t for entrance into the bloyer. inlet.

? diagx‘im oF mea.surins sta:bipn 1oca;tj.pn arad. d.etails :Ls given: in.,
1gure
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“Tmsetiumentation:: -
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A1l pressures Were 1ndica.ted on a multiple tu'be vertical
manometer board connéctedrto préssuréd tubes in the measuring section.
Provisions were made for pressure surveys &t all stations in the
measuring emmulus. A total pressurs tube was locdted exactly in
the center of the motor housing nose. Static pressure orifices
and survey openings were located as shown in the cross sections of
the duct in figure 5..0 A dhieldsdd théimsgéuple instelled at station 1,
gave stagnation tempera.ture readings

Preliminary pressure surveys indica.ted. wuniform statlc pressure

distributions across the annulus both upstream and downstream of
the séiden': In thellight'of this.dnformation static:orifices were
used: Foir’ sbatic preepirs detorminations’ ini the actval ‘investlgations
lTo‘taI-.preesuré\' di.'sﬁribﬁfbiéns'f dowmétream:of the.secreen were not .very
wriniform; - héwever,' and 'surveys. were' hssd for-total-pressure determina-
tiong’ in- preference to-the use .of ‘fixed miltipls-tube rekes. A"
photografh of ome of the mictométer: strvey tubes 1s shown. in figure 6.
The miscrometer feed onx’this’ murvey tube permits positioning of the
tube wi‘t.‘hi:n one-thousanﬁth. of an :anh along: the stjrvey ra.d ius.

T e oo . = _‘; rrhget - N
: S e 0 ‘ - P

RO A MODS OF PERFDR!&]JVG‘TES‘I‘S S

et e b e L L
Gominondbe wmns Flow Calibr&tidn

rifkiaseer v Bl 75 " alEe

—

=

—-_.._1- .3

The approach section was calibra:bed as 8 nozzle for flow
measurements, using average readings of the wall statlc pressures
at station 3 and: the' totel-piessurs readings of the reference
tube at station 2. A calilbratlon curve is shown for this nozzle
in Plguws.{. (For. convenlence  a.smwbh OfiMach numbera at statlion 3
plotteds a.ga.inst cbrrecteﬂ weighj:. fﬂ.owfd.m e.lBQ given in flgure T.
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it RIS U S0 Rl

¢oFhigs A

S -f{'otai-ﬁregsuz‘q Sebreys | L

Total-pressure surveys were mad.e a.t s:l;a.’cions 3 end 4, BSurveys

at, station b were made along 4, .redii spaced 900 apart circumferentially.
'I‘he top. of the., ductiné wes t,g.ken a8 0° am} desrees. yere measured
clockwiae looking d.cpmstream. - &Arveya ¥ere not made directly down-
stresm of; sereen, struts.. . Tt wa.s a.t‘cempted. 0 ma.ke -all survey radii
bisect the angle ’btheen screen st.ruts &8 closely as poesibls.

. «,Total—press,ure purveys at ste.tion 3 i,nd.icated. uniform pressure
distri‘bution postrosm of.the scresn. &ur}reys et station b4 were
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made along 2 radiil eimvltaneously. The tubes were then rotated to
positions 90° removed from the first ones and the surveys were run
in the new positions. As a result of thils arrangement, since surveys
requiref apprecisble time, slightly different air flows end barcmetric
pressures were occasionally encountered at each set of positions.

The barometric pressure and welght flow have been shown or listed
Por each survey profile. On the rmaznometer board all surveys were.
referenced to the tube in the nose of the motor housing. Tube
readings were taken relative to the nose’ tube as a datum. Com-
parison of the reference tube wilth the tubes vented Yo atmosaphers,
showed them to be egual.

Static-Preasure Logses

Pressure losses were foumd by measuring the static pressure
changee scross the screen. Pressures were tgken from Individual
tubes leading to sbatic orifices of stations 3, %, and 5. Differences
were found by comparing 1ndiv1dual tube readings with the references
end each other.

: Calculations on pressure losses in smooth ducting indlcate
that that megnitude of the presswre losses caused by the duct
between stations 3 and 4 1s smaller than the accuracy of méasure-
ments in this Investlgation. : This iz substentisted 1y the fact
that no measurable loss is indicatéed between stations 4 and 5,
which are located in ducting similar ‘to that between stations 3
and :k. Tt is reasonable to assume, therefore, thet all pressure
losses measured are chargeable to the screen.

'Configuration IT was teated for static pressure losses in the .
geme marnmer a8 configuration I. Total-pregsure surveys were also
taken at the 90° position for comparison with those of configuration I.

RESULTS ARD -DISCUSSION’

Static Pressure-Loss Coefficieqt_

The relatlion of statlc pressure—loss coefficient A@/ﬁi to
wolght 'flow W 1s shown for both configurations in figure 85'
This coefficlent was chosen in -preference to the o¢me based on loss -
of total premsurs because of the greater convenlencé and accuracy’
with wvhich it could be determined. This usage 18 comservative from
the designers' stendpoint becesuse the static pressure drop cosffi-
cient is elways equal to or larger than the totel pressure drop
coefficient. The difference in the coefficiéent will be gredtsst at
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maximm alr flows and has besn found by calculation to be of the
order of 20 percent for configuration ITI teste at an alr flow of
70 pounds per second.

The coefficient for configuration I is fairly constant at a
value of 0.15 up to weight flows above 33 pounde per second. Above
this air flow the coefficient rises wntil at a flow of 60 poumds
per second & coefficient of 0.183 is indicated. The maximum value
for configuration I in this investigation was 0.325 at a flow of
82.5 pounds per second. The second configuration shown also in
figure 8 indicates that the soreen after rounding exhibited lower
pressure-loss coefficients for all flows. For the rounded-vane
configuration a constant wvalue of 0.105 was Indlicated up to & flow
of about 45 pounds per second; this curve started to rise later
then configuration I. At en alr flow at 60 pounds per second the
loss coefficlent 1s 0.123 and reaches a maximum of 0.325 for this
investigation at an air flow of 85.5 pownds per sscond.

Corrected Static-Pressure Loss

Absolube statlc pressure-losses corrected to standard conditions
are shown in figure 9. The offect of rounding the vanes has been to
decrease the losmes ap 1s shown by the positlion of the curves in the
figure. At a weight flow of 60 pounds per second, which is approxi-
mately design flow, canfiguration I shows a loss of 30 pounde per
square foot compared to the 20 pounde per square fcot of configura-
tiom IT. In short, at about design flow, rounding the vene lesading
edges has reduced loBges by ofo-third. The curves rise sharply as
alr flows are Increased until conflguration I shows & loss of 95 pounds
per square foot at 82 pounds per second and configuration IT shows
a loss of 106 pounds per square foot at a Plow of 85.5 pounds per
second.

Total-Pressure Distrlbutions

Filgure 10 shows the total-presesure distributions upstream of
the screen at a weight flow of 28.24 pounds per second. Figures 11
and 12 show the upstream distributions at flows of 56.81 and
82.15 pounds per second, respectively. These patterms are very
uniform and consistent over the renge of proposed air flows. Only
at a flow of 82.15 pounds per second, which is above design flow,
does any loss in total pressure become apparent. At 82.15 pounds
per mecond the loss is only abhout 0.1 percent of the total preassure
avallable. The barometric pressure is shown on each sheet.

The total-pressure distributions downstreem of the screen are
shown in figures 13 end 1b4. Distributions avre shown for
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% circumPerential positions for configuration I and for 1 position
for configuration IT. Welght flows and barcmetric pressure lines
are indicested on each graph. Variationa both redially and clirecum-
ferentielly are present. Circumferential veriationa seemed greatest
in an annular bend slightly emeller in dlameter then the center of
the annular space between the mobor housing snd the duct wall. The
maximum ocireumferential variation et design conditlions 1s shown in
figures 13(c) and 13(d) at 60 pounds per second air flow to be
approximately 1.35 percent of the total available pressure. Maximim
radisl variation st a flow of 60 pounds per second 1s epproximately
1.5 percent of the total upstream pressure. These flgures are for
configuration I. In genersl, the varietions increase in magnitude
with increasing air flow.

Configuration IT for the air flows and positlions tested showed
the same general patterms, which were modifiled slightly by the
rounied vanes. Figure 14 shows the total-pressure patterns at the
90C position for two air flows for configuration II.

Screen vense are easily bent and deflected upon shipping and
handling, this causes slight variations in downstream flow patterms.

The screen was tested for shout 30 hours at flows gbove TO pounds
per second, for about 30 howrs at moderate flows, and for about
20 hours at low flows.

CONCLUDING REMARKS

Investigations made to determine the statlic pressure losses
and totel-pressure characteristics of the Westinghouse X2h-C-2 inlet
soreen indlcate that, except at very low flow rates, losses increase
and total-pressure wvarlations bhecome more pronounced with incressing
welght flow. Smoothing and rounding the leading edges of the screen
vanes slightly caused marked decreases in loss coefficlents and
Improved total-pressure petterns slightly. Careful rounding and
smoothing of all vanes as well as the leading edges of struts before
asgsembly and removal of all lumps of solder and ilrregularities after
aasembly should reduce losses even more.

Individuel screen vanes ars subject to misalinement due to
handling and storing of the assembled screen. This causes slight
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vartations in flow patterns and total- pressufe distributions.  No:.
structﬁral"failure was noted after 75 houvrs of testing. o S

T

Langley Memorial Aeronautical La.bora.tory .
" Netional Advisory Committee for Aemnautics
Langley Field. Va. :

1L L forfid,
hn. L. Lenkf
Mechanical Englineoxr-

Approved.'- -
s W /

Clinton H Dear'born
Chief of Full-Scale Research Division

CGB
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Figure 13.- Continued.
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(c) Dosition 0° and 180°, flow 59.35 pounds per second.
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Fgure 13.- Continued.
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(2) Position 90°, flow 28.26 pounds per second,

Figure 14.- Total pressure downstream of grid, configuration IL

L
AL




NACA RM No. L6J28

Fig. 14b

el

NJ\TM mm '3

L

COMMITTEE FOR AcRORMUTICS . |* 1V

P
v 41,

i S
]
VoL
B0 7

L/ /.9'-0. :

vy ead
: ot/ Tied

41k Nl S e

SR

(b) Position 90°, flow 56.26 pounds per second.
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Figure 14,- Concluded.
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